Influenza virus RNA promoter panhandle structures are believed to be sensed by 14 To study the effect of these mismatches on RIG-I activation, we designed 48 synthetic dsRNAs based on the H1N1 Taïwan NS segment that mimic the influenza 49 panhandles, with or without mismatches ( Fig.1A and 3A) . To obtain a 5'ppp-RNA, the 50 top strand was made in vitro using a T7 polymerase. For this purpose, the initial 51 nucleotides "AG" have been changed into "GG". The length of these panhandle-like 52 structures was extended to 30 base-pairs (bp) in Figures 1, 2 and 4 to circumvent 53 stability problems and to only monitor the effect of the mismatches. The 5'ppp-RNA 54 made in vitro was used as ssRNA control, and a dsRNA of 20 bp ("20r") known to 55 activate RIG-I was used as a positive control (Fig.1A) . We first studied the binding of 56 these dsRNAs to RIG-I. Pull-down experiments showed that RIG-I binds equally to 57 dsRNAs mimicking influenza cRNA panhandle structures with (Cmis.) or without (Cperf.) 58 mismatches (Fig.1B) . Using a different approach, Liu et al have shown recently that the 59 panhandle structure without mismatches exhibited higher affinities for RIG-I (13). In 60 addition, the presence of mismatches did not influence the ability of RIG-I to form dimers 61 (2 RIG-I) on these dsRNAs, as shown by electrophoretic mobility shift assays (EMSA) 62 (Fig.1C , Cperf. and Cmis. vs ssRNA). In EMSA, addition of ATP and MgCl 2 which allows 63 RIG-I ATPase activity had no effect on RIG-I dimerization, as previously observed (12). 64
with a non-base-paired 5'-pppN overhang, or with a 5' mono-phosphate end, 34 respectively (5-7). These structures did not activate 8) and, in the case of 35 Arenaviruses, were seen as a viral decoy strategy to prevent RIG-I activation from bona 36 fide ligands (9). 37
Influenza virus genome promoters are contained within their mostly 38 complementary genome ends, which can form 5'-ppp-blunt-ended dsRNAs with 39 conserved mismatches ( Fig.1A and 3A ). When these promoter sequences are bound to 40 their polymerase, the complementary genome ends cannot form dsRNA, except for a 41 region relatively distant from the 5'-ppp and 3'OH ends (10, 11). However, a fraction of 42 the flu genome promoters is likely not bound to the polymerase during infection. As 43 residues close to the 5'-ppp-blunt-end of RNA duplexes are critical for RIG-I ATPaseNevertheless, when these dsRNAs were tested for their ability to activate the IFNβ 68 promoter in a luciferase-based reporter gene assay, the presence of mismatches 69 completely abrogated activation (Fig.1E) . Here again Cperf. was more active than 20r 70 very likely due to its longer dsRNA length. To rule out the hypothesis of selective RNA 71 degradation, A549 cells engineered to express a GFP gene under the control of the 72
IFNβ promoter (14) were transfected with dsRNAs labeled with Cy5-fluorescent CTP. 73 A549 cells were then analyzed by flow cytometry for GFP expression (IFNβ activation) 74 and for Cy5 fluorescence (RNA stability) at 9 and 24 hours post-transfection. The results 75 confirmed that, contrary to Cperf., Cmis. did not induce IFNβ in conditions where no 76 difference in Cy5 fluorescence could be detected ( Fig.2A and 2B ), ruling out RNA 77 degradation as an explanation for lack of IFN induction. 78
We further tested the effect of individual mismatches (Fig.3A , Cmis.3 and 79 Cmis.5). As shown in Figure 1D for the double mismatch construct (Cmis.), the two 80 single mismatched dsRNAs induced RIG-I ATPase as efficiently as the perfect dsRNA 81 (Fig.3B) . When tested for their ability to induce the IFNβ promoter in reporter gene 82 assay, the duplex with the mismatch at position 3 (Cmis.3) exhibited no stimulatory 83 activity, while Cmis.5 retained some stimulatory activity (Fig.3C , black bars). We have 84 previously shown that IFNβ promoter activation can be enhanced by pretreating cells 85 ("priming") with IFNβ (12). Under these conditions, the inactive dsRNAs with single or 86 double mismatches now activated the IFNβ promoter, confirming that these RNAs are 87 not degraded (Fig.3C, grey bars) . The observed increased RIG-I levels upon priming 88 (Fig.3C ) could promote formation of an active tetrameric RIG-I complex (15), especially 89 for unstable RNA/RIG-I complexes, as seen for dsRNAs shorter than 13 bp (12). When 90 short dsRNAs mimicking the precise length of Influenza vRNA panhandles (13 bp) with 91 or without mismatches, G-U bonds, and an AU-tail mimicking the loop were used 92 (Fig.3A , Vperf. and Vmis.), similar results in ATPase activity, RIG-I activation in cells and 93 primed cells were obtained, with exception of Vmis. that remained inactive even in IFN 94 primed cells (Fig.3D and 3E ). Taken together, these results suggested that these 95 mismatches might act by lowering the formation of the RNA/RIG-I complex. 96
To monitor the formation of the RNA/RIG-I complex, we performed "in vivo" RNA 97 pull-down experiments, after transfection of biotinylated-dsRNAs in cells over-expressing 98 Figure 4A showed that significantly less RIG-I was found 99 associated with dsRNAs with mismatches as compared to perfect dsRNAs (65% vs 100 100%, Fig.4A ). In order to further test this complex formation in vitro, competitions were 101 performed in RNA pull-down experiments using an excess of non-biotinylated dsRNAs 102 with (Cmis.) or without mismatches (Cperf.), in conditions where RIG-I ATPase activity 103 and related RNA recycling are allowed (12). Figure 4B shows that more RIG-I is 104 associated to the biotinylated RNA when the competitor has mismatches. This indicate 105 that the rate of RIG-I exchange is lower with a competitor carrying mismatches (50% vs 106 22% after 6 min. incubation), consistent with a lower stability of the RNA/RIG-I complex 107 in this case. As shown in Figure 4C , the rate of RIG-I exchange and related RNA/RIG-I 108 complex stability is dependent on RIG-I ATPase activity since no exchange is observed 109 in absence of ATP and MgCl 2 . In conclusion, mismatches as found in the panhandle 110 structures of segmented negative strand RNA viruses may prevent RIG-I activation by 111 impairing the formation of stable RNA/RIG-I complexes. As mismatches can beobserved in the panhandle structure of other segmented negative strand viruses (16) 
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